Abstract. The majority of morphological abnormalities reported for elasmobranchs are cases of bicephalia. This contribution describes the third confirmed case worldwide and the first in the South Atlantic of diprosopus tetrophthalmus (craniofacial duplication) in a foetus of blue shark, Prionace glauca (Linnaeus, 1758), from a female caught off the Brazilian coast (26°36′11′′S, 45°56′00′′W) in July 2007. The specimen is described and compared to normal specimens from the same size and to another one with similar deformities from Chile. The embryo is smaller than a normal embryo, with deformities in the skull, head muscles and curvature of the vertebral column.
Among cases of morphological abnormalities reported for elasmobranchs in recent years, bicephaly is the most frequent. Sans-Coma et al. (2017) reviewed 14 published cases of bicephalus and diprosopus in elasmobranchs. For the blue shark, Prionace glauca (Linnaeus, 1758), cases reported as bicephalous were described by Goto et al. (1981) , Mancini et al. (2006) , and Galván-Magaña et al. (2011) . However, Goto et al. (1981) described two specimens with diprosopous and bicephalous features, and the case described by Mancini et al. (2006) should be classified as diprosopus. Ehemann et al. (2016) reported an additional case of bicephalia for the species. Hevia-Hormazábalet al. (2011) reported the first case of diprosopus tetrophthalmus in sharks, in a specimen of P. glauca caught off Chile, although according to the review by Sans-Coma et al. (2017) this would be only the third case. Okazaki et al. (1987) defined diprosopus as consisting of a single neck and body and duplication of craniofacial structures; the term tetrophthalmos is applied to an embryo with four eyes, in which the median eyes may be partially fused or separate, but share a central orbit. This contribution describes the first confirmed case of diprosopus tetrophthalmus in the South Atlantic Ocean.
Prionace glauca is a viviparous, pelagic species that is also found in coastal waters, from shallow waters up to 600 m depth (Compagno 1984) . Prionace glauca is the main shark species caught as bycatch with longlines and gill nets (Nakano and Stevens 2008) . A female embryo of P. glauca with a striking morphological abnormality was obtained by evisceration of a female approximately 2 m in total length. The female was caught off Brazil (26°36′11′′S, 45°56′00′′W), on July 27, 2007, from a fishing vessel operating a pelagic longline. The material was deposited in the Chondrichthyan Anatomy Collection of the Universidade do Estado do Rio de Janeiro, catalogued under number AC.UERJ 1448. The anomalous was the only embryo with malformation of the offspring. This specimen is described and compared to normal, recently fixed specimens of almost the same size but of other samples: AC.UERJ 1866.1, AC.UERJ 773.3, AC.UERJ 1448, and AC.UERJ 773.1. These numbers correspond, respectively, to normal specimens 1, 2, 3, and 4 (Table1). The differences in the measurements PG1, HDL, POR, MOL and MOW, PRN, INW, and TL (abbreviations explained in the footnote of Table 1 ) between the anomalous specimen and the four normal ones were calculated with a calliper (following methodology of Compagno 1984) . Since this is an unusual specimen, each paired fin was measured, and the specimen was then partly dissected and the head region described using Compagno's terminology. To observe the internal morphology, the specimen was placed in a petri dish and x-rayed with the Faxitron MX-20 digital radiography system. Observation of certain structures and foramina was difficult or impossible because of the deformities in this specimen.
External morphology. The anomalous two-headed embryo showed lateral fusion, snouts and jaws with a normal external appearance, and four eyeballs and four nostrils. The median eyes were almost fused, separated only by a layer of epidermis. The single body had five gill slits on each side, and single first and second dorsal fins. The pectoral, pelvic, anal, and caudal fins had the normal pattern (Fig. 1) . The distance between each snout was 52.7 mm, and the lengths of the right and left heads differed by slightly less than 1 cm. Compared to the normal embryos, the body measurements were consistent with the size of each specimen, including each head (Table1). The HDL, PG1, MOL, and MOW ratios were smaller than in the normal specimens.
Internal morphology. In the anomalous specimen, the following head and eye muscles were observed: levator palatequadrati, levator labii superioris, adductor mandibulae, levator hyomandibularis, levator palpebrae nictitans, rectus medialis, those that follow the obliquus inferior, as well as the pre and post-orbital processes following the direction of the deformity. The remainder of the body was normal; the deformity was mainly in the head. The single vertebral column exhibited a marked curvature in the middle of the monospondylous region (kyphosis), followed by a beginning of kyphoscoliosis, a combination of kyphosis and lateral curvature of the spine (Fig. 1d) . The cranium had a deformed tripodal rostrum with an abrupt torsion. The specimen had a precerebral fossa toward the deformity. The nasal capsules were arranged in two pairs, Values which are neither right nor left are centred; TL = total length, DCS = dorsal caudal-fin space, ACS = anal caudal-fin space, PAS = pelvic-fin anal-fin space, PPS = pectoral-fin pelvic-fin space, HDL = head length, PG1 = pre first gill length, POR = pre oral length, PRN = pre nasal length, MOL = mouth length, MOW = mouth width, P1B = pectoral-fin base, P1L = pectoral-fin length, P1A = pectoral-fin anterior margin, P1P = pectoral-fin posterior margin, P2B = length of the base of pelvic-fin, P2A = length of the anterior margin of the pelvic-fin, P2P = length of the posterior margin of pelvic-fin, P2I = length of the inner margin of pelvic-fin, P2L = length of the pelvic-fin, ANL = anal-fin length, ANB = length of the base of the anal-fin, ANA = length of the anterior margin of the anal-fin, ANP = length of the posterior margin of the anal-fin, CDM = length of dorsal caudal-fin margin, CTL = length of terminal caudal-fin margin, CFW = width of the caudal-fin furca.
but were somewhat deformed. In each capsule the nasal apertures and nasal flaps were visible, but followed the direction of the anomaly. The cranial roof and anterior fontanelle of each head were normal. Posteriorly, the shared region comprised the median part of the skull roof, basal plate, and optic and occipital regions. The basal plate formed a single structure joining the orbital region of each skull. From the opposite side to the fusion, there was a normal notch next to the stapedius foramen at the midpoint of the basal plate. On the side of the fusion, the orbital wall was slightly deformed, but all the foramina of this region, which were in their normal positions, could be identified. The optical region was shared, showing normal optic capsules and the parietal fossa, the endolymphatic and perilymphatic foramina and the semicircular canals, with the hyomandibular facet on each side, ending in the occipital region. In the centre of the occipital region were two foramina magna instead of one, side by side, each connected individually with its own vertebral column, one over the other, until the connection at the beginning of the monospondylous intermediate region.
Comparing the external morphology of our anomalous specimen with the other case from Chile (HeviaHormazábal et al. 2011) , it was evident that they both had two heads with lateral fusion, two snouts and four eyeballs, with the median eyes almost fused and separated only by a layer of epidermis. The jaws appeared normal externally, but in the embryo from Chile the lower jaw showed an abnormal curvature. The proportion of the measurements HDL, PG1, POR, PRN, MOL, and MOW in the anomalous head from Chile were larger than the proportions in our anomalous head, and the body measurements were slightly larger in the anomalous embryo from Chile (Table  1) . According to Hevia-Hormazábal et al. (2011) this specimen "presents thoracic lordosis in the axial skeleton and helical twist in the tail", which affects the body proportions. The deformity in the column also appeared in our specimen, i.e., a sharp kyphosis in the middle monospondylic region, followed by kyphoscoliosis until the beginning of the diplospondylic caudal.
Anomalous foetuses are rarely recorded in elasmobranchs and their causes cannot be revealed (Bornatowski and Abilhoa 2009) . The origins of these malformations may be associated with parasites, tumours, malnutrition, zygotic division, genetic abnormalities, pollution, overfishing, hypoxia, and hyperthermia (Mancini et al. 2006 , Delpiani et al. 2011 , Costa et al. 2014 . This study presents the first confirmed case of diprosopus tetrophthalmus found in the Atlantic Ocean (the other case was found in the Pacific Ocean off Chile). Sans-Coma et al. (2017) suggested that two cases reported as bicephalous (Bosinceano 1934 , Mancini et al. 2006 ) would be better considered as diprosopus. Muñoz-Osorio et al. (2013) described an anomalous specimen with a duplication of facial elements, which suggests a diprosopia; and the presence of two vertebral columns, which suggests bicephalia. Similar shared characteristics also occurred in two specimens of blue shark studied by Goto et al. (1981) . For the anomaly described as diprosopus tetrophthalmus, this is only the second case worldwide for P. glauca and the third for sharks, because the embryo described by Mancini et al. (2006) lacks duplication in the eyes, nose, and nostril.
In Prionace glauca the small uteri and large number of embryos may cause problems in embryonic development (Galván-Magaña et al. 2011) . However, on the Brazilian coast, other factors of anthropogenic origin such as contamination by chemical pollutants including heavy metals and organochlorines may affect the species. High toxicity and biomagnification of contaminants along the trophic chain have been found in blue sharks caught off Brazil (de Azevedo a Silva et al. 2007 , Dias et al. 2008 . The form of mercury found (methylmercury) is the most toxic and shows neurotoxicity even at low concentrations in the body, acting as a teratogenic agent that can cause disorders in the embryo even at concentrations that do not affect the mother (Choi 1991) . Another problem is that P. glauca is the shark species most commonly taken by fishing vessels and is most impacted by overfishing, with declines in stocks in several parts of the world (Aires-da- Silva et al. 2009 ). Reductions in the number of individuals by overfishing can contribute to an excessive inbreeding level, with resulting malformations in embryos. This problem of malformations further aggravates the state of the stocks, should be considered in management plans, and merits more thorough study. Dos Santos and Gadig (2014) noted that the direct influence of the high fishing mortality experienced by elasmobranchs in recent times, and the effects of marine pollutants on their embryonic malformations have not been conclusively analysed. These impacts can be assessed in the near future through more detailed studies on abnormal embryos, using embryological, genetic and ecotoxicological approaches.
